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Characteristics as an Aquifer. Unknown . 

. · · .. ,: ... ~(:t{~·:·~~~isti.cs as a Confining Layer. Unknown. Discontinuous 
nature:~ of the unit coupled with the presence of sandstone and 

.. ~oJ'_omi.ll~do not recoi11Tlend it as a confining 1 ayer. 
-. · ·. : -_ .. --~~~rt:;-:-:-~ .. ~ ~~~-

. tha'r·ac eri sti cs as an Injection Formation. Di:scontinuous nature 
of,t~~~ .. Garden Island Formation suggests that it would be an in

.· .. adequat~Jnjection formation. 
. --~ :--:·_ ~~~~;-~:;~~--
'Porosity and Permeability. Unknown . 

. , ~-·E 'i. L..-· . 

M I DOLE. pEV.9_ijj'AN 
. -~ ~ D:~:J;.~~-

Bois Blanc''"F'ormation 
- ... ~ .. \=~:.:) ~ .t~~-i ·. 

From its't·t:~~cated ma-rgi.n at outcrop in the area of Mackinac Straits 
the Bois Blanc Forination increases to a maximum thickness of more- than 
~00 fe~t i~"Arenac and Gladwin Counties (Cohee, et al., 1951) (fig. 2.30, 
pls. 5, 6· ana 11). The basal 75 feet of the unit is dolomite with inter
beds of cher-t and is overlain by about 200-300 feet of very cherty dolomite 
and limeston·e. The upper 75 feet of the unit is fossiliferous limestone. 

=--~--·. 

Charact~ristics as an Aquifer. The Bois Blanc is not used as an 
aquifer_. In and nea·r the outcrop area it has been leached and could 
be useif as a source of water in the area near the Straits of 
Mackinac~· Proximity of the outcrop area to Lake Michigan and the 
availab-ility of water in the glacial aquifer have made the use of 
this aquifer unnecessary to date . .. _ -;.· .. r-~ 
Charac'teristi.cs as a Confining Layer. Away from the outcrop area 
the Bois Blanc is very dense and should form a barrier to the move
men~ of,_ flui:ds. The cherty dolomites are likely to be quite brittle 

. and· may_ have some fracture porosity and permeability. The unit was 
involv_ed in the subsidence that produced the Mackinac Breccia, 
and .it."is very likely highly fractured in the area where this 

'process has occurred {pl. 18). 
-....: ~-t) ... 

Chara~ieristics as an Injection Formation. The Bois Blanc Formation 
is unsuitable for use as an injection formation. 

Porosity. Very low. 
~ --~ ;·_ ~~~~}~/. 

Permeability. Unknown. Fracture porosity may be present . 
. ::~_L·:~:>i~:.~~~: .. 

Oil ancf Gas Potentia 1. Low . 
• _:f.-,; .• ?-.i--~:J~~(:

Sylvania Sandstone 
: ;: ~ ~::· .. -~ )~~~-·~ -

The SylvanT~;··.sandstone is composed of well-rounded and sorted, fine 
(0.18 mmVt~tmedium (o.4o mm) grained quartz grains notably free of clay. 
The sandstone overlies dolomites of the Bass Islands Group with distinct 
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_.J,·. .;@~1&;~· 
disconfonnity along the northern margin of its development i.n)ior.ttier·n. 
(i)hio and southeastern Mich:i:gan. Tto tbe north where the Bo.i.s_JH_a11~"fonn~ 
ation i·s the basal unit of' the Middle Devonian,-~the Sylvani.c{"Sanctstone.·,t 
interfi:ngers with cherty carbonates.. Contact ·wi:th the overly~-~1~~):roit 
River beds is transi.tional from sandstone to,dol~cmiitic sands~on_e~;J~("sandy 
dolomite to dolomi.te. To the northwest in Wexford,· Grand' Trave'rse:;:~~·;>} 
Missaukee and Kalkaska Counties, the Sylvania. contai·ns th~ck•Jt~~)9_sf~s .of 
tri po 1 it i c {_de-v itri fi ed l chert with amber dol orri_i_te rhombohedr~ns:.~f~~ :The i 
Sylvania outcrops in southeastern Michigan· and ranges in thic~_~ess·_:fl~m! 
a zero edge in southern 'Michi·gan to more than sao·· feet i·n thej:~ntral '~;"; 
part of the Mi-chigan Basin (fig. 2.30). \:;~~::-~::}. . _.-:>£f.~:;gj,i~~};F(< 

Characteri.stics as an Aquifer. In and_fle_ar-_the outcrop·_area_:wh:ere·: 
it has been flushed the Sylvania Sandstone tis. a good ~guifer~ but. -l 

because it is overlain by glacial lakeb~dsr-composed qf"~silt·a:nd ! 
clay, water in it commonly contains methane:.·.and hydrogen··~sulfJd,e.:; 

- ~- -_:~-: --~--(\-~;:;~- _ -_ .. ?~ ~~··_·-s~,t-~Fi:_ rt.~-::~L ~ · -
Characteristics as a Confining Layer. The Syhania i:s-far ·too·.lb 
permeable to be a confining layer. :"':'~>0r~t. ·- . ·.'5.:·y.;£'f;f~_;::;j,-.: -· 

Characteristics as an Injection Forma~i·ri~'·J~~~~;~· .are~s :~~:;~Ai~~n:~':- : 
Sylvania is overlain by the anhydrite of the'-· Detroit. River~· it :is 
a potential injection formation and has been.· used for both _chemical 
and brine disposal. Care should be taken to avoid areas near the 
outcrop as the overlying carbonate section may have fracture ;_;_•I'' 
P nneab,"l ,. ty -~--- ·_·.·: '·'. . . .. · .. . .. -~ 1 e . . ::··L;:;-:.,_::C'~··;>~( ;j 

· ~-:: -~:·.:~ · · ~:.iL1--::t:f1~1 ~:·::;J' ·. 
Porosity. High effective porosity exists away from the upperi 
transition w.ith the Detroit River and southwest of the area where 
the Sylvania and Bois Blanc interfinger.. . . .· . -.. -· _-_ j ·· 

--~-~::-i~-~--- - -·r :~---1:1~;~~-·~! 
Permeabi 1 i ty. Penneabi 1 ity is very high in those porUons. of . the .. ; 
unit that are free of carbonate and cher~._.cj~-~nt ( see __ ,_a~~~~:~~:~~~j;~;_·; 1 

Potentia 1 for Oil, Gas and Brine Productiori·~_'"' No oil or_·-gas . fie'lds ·. 
have been developed in the Sylvania. It 1s.used extensively'.'as~ a 
source of brine especially in the vi cin~_t.(_P;! Midland .c~-~~ty;.::':J. c 

Proherstburg ·• )j$ :,~,;i(;i~(if..'} · 
The Arnherstbi:Jrg is a dark brown to black, carbonaceous li·mestone' through
out most of the basin, but around the southern and western margins··df -
the Southern Peninsula it has been dolomitized~·-- The informal n·ame~~:_.· 
11 Black Limestone .. has been in use for many years as a driller • s'h.term/ The 
1 i tho 1 ogy is very di st i ncti ve i:n the centra l-ba~Jn. a-rea, and :w~1~ .. u:se.d.- ; 
as a marker ~t w~ich to botto~ e~ploratory tests<J_r1to th~ .~t~~Ji_'eld::~one 
of the Detro1t RlVer. The umt 1s poorly bedded•, dense, and_'ranges_,l•n _1 
thickness from a zero edge in southwestern Mkhi·gan to more than 300 .L.' ; 
feet in the area of Sagi.naw Bay (fig. 2.31 ). • .-~--·<.' .. ;:;·tf~~;'?if;l~£()$1:§:':~ : 
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,\;·'"-'·· -~ · --~ ~. R1chf1eld Zone '.· .. ~.:. · 
~:.~: ~~~ -~ .. : --~ ._::.·. ,;.- ~- :_ ~~-::~. : > .. ; : j . . ·~ 01• • : • -~--~ ..... ~.;~~~:~·~;··· ••• :. • • • 

~:~·~:: -~·:y·. · ·'·' ~ :1the-Ri.~hf{ei''J"·~dri~';:is' a sequence of interbedded limestone, dolomite, 
~~~... and anhydrite-'withmi.nor amour:~ts of sand in the central portion of the 
::i> .. i·-~ · . . b'asin and a .relatively thick sand body, the Filer Sandstor:~e, along the 
~~·:-:·.~,.~ . ··".western margin.o'f. the Lower Peninsula (fitg. 2.32). The limestone beds 
~~,~· ·.·· .. · .. are dense micrit~s~and contrast with the dolomites which are lighter in 
~> · · · ·color· and more~~~fuleable. ~h~ anhyd:ite beds have mosaic textures and 
~y- ~ gener~lly overl}~.}~e. _dolom1.t1zed umts. 
~t·:·~ . ~ r ._. ,,;.~;_;1;}~~;~:,::~ -~~·. 

l?i · ! i Characteri sties as an Aqui-fer. The Ri chfi e 1 d zone is not an aquifer. 
r;l.. ~ ; I 
i~. ·. . ·. '· --~-. f~~(}j_:· -.. 
~-- Characteri sti.cs as a Confi.ni ng Layer. 
~-~.:~.--·~··.~_.··_· . zone are excellent confining layers. ;3:· , ; dolomite z()n~s .produce oil attests to 
''·k ~· ' interbedded' anhydrites. 

The anhydrites of the Richfield 
The fact that several of the 
the impervious nature of the 

~::·. :~. . ; ! . ~i--~;~.-~~ •. : •• ;:<:X~'3:~·;,f~\i;.· .. 
:iJi.. Characterlstics as an Injection Formation. The Richfield contains 
~c~~rc::· too _li~~ltt:penneable rock to be an injecti-on fonnation. 
;t:l_~. .-.... _-_._· _.:·--~~~~~ .. :·~~~~{~··:~~-~; ... :':.~~~ 
;·;:*-:.. Porosity._.'~~Jhe._dolomite zones in the Richfield are slightly porous, 

l'i · · i;~~;~l!iC;~;: ~~l;!ii:~~~;; ;;;~d~~;:;;;~: ;~;::~~;;:~;~::. 
~~ ' •· Oi 1 a~d G.is ., P~tentia 1 . The Ri chfi e 1 d has produced all and gas from 
~~-: several fields _in Michigan since the early 1940's. 

~~: · ·• , i;:: :~r-~I;;~;<;;~- ;::w ~~h~~~r~~i ~=~ ~~: t b~~~r ~~=~;~~~"~: ~~ff~\ ~ i ed 
~d:~-. Zone (fig. 2;.33)>~_The unit' is widespread in the central portions of the 
~i-~~-·~ .. -.·;_·.:_~.· ·.- basin and thins· toward the basin margins. It is best developed in the 

~, · ~ north-centra 1 ~part of the Southern Peninsula. 

~t:: ! t-· ::::::::::~!~ :: :: :n c::;: :::~ L:::r ~as ~::e M:::~::i ::h::r~:: :: aquifer. 
'j;', , i.: ; : •J I ~::.::::;}it~J~e:e:: 1 :n:::t::n e:::: :~:n ~on:::: ~g unit. 
'~~F!.~c--. · ... - . · ~ ····' Porosity;~-~- Extremely 1 ow. 
;)§:;,~{ ·· .. ··;: .> ·. Ll,,;._ ... ~::~ .~ _ ·-~ -~-j::·:~L"~::~. : ~-
~·~~~:~·x:···'_.>··~:.,·:;;~·r-·· Penneability. ·_Extremely low to essentially impermeable . 

.... ~~~~·S~>;'=:·, .· - ·:··; ~-~J - ( .:. - :->j·::,·,~.,.<~~.:- :_· . 
.. :~~l'i~<~- ... _ ·tJ-.. • 6~ 1 'and'';Gas'~.:Po·tt~nti.a 1. None. 

··~ .. ;··~:JJ;~~;~:'_L ~ 
•. ·'f.:~---

.· .:)·E~X.:·~>: . 
. -. - ~ . . .. 

_.· 1'. ~})~-~- ~ • - • ... ~~ ;' ·_ . 
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western Southern Peninsul'a:)ron1'"-tadi llac south i·nto Indiana. Thro~:~ghout 
the eastern marqin of thJs-~area:the anhydrite is underlai_n by a porous 
and permeable dolomi.te general_ly'referred to as the 11 Reed Ci:ty Zone ... 
Gardner (1974) suggested that.th.e Reed City dolomHe and anhydrite are 
the western equivalents ofthe.Dundee limestone, and that they represent 
the westward movement of the (evap-orite forming conditions that exi·sted 
in the Michigan Basin d~ri~j'd~positfon of the Detroit River. According 
to this vi·ew the Dundee iS confonnable -with the underlying Detroit River. 

Characteri sties as ~~:;i~J~i~!~.-,-/Throughout its extent i·n Michigan, 
the Reed City do, amite _is_fi)led with brine and/or hydrocarbons. 
The anhydrite is too-impermeable to contain significant amounts 
of fluid 0 - -- :_''fr:- :<r~~;"J 

...... _ •• ~ • 4 .' ._.·_,~ ~ • 

Characteristics as a Confini;ng layer. The Reed City dolomite is 
too permeab 1 e to be a confi ni.ng 1 ayer, but the overlying Reed 
City anhydrite is an :excelle~t aquiclude . 

. -_ '; ··~ -~-- · __ :_):-: :<:>· ~ :·: ·1 .' 

Characteristics as an Injecti-on Formation. Where the Reed City 
dolom1te does not conta1n commerc1al quantities of hydrocarbons, 
it could serve as an injection formation. 

Porosity. The Reed City-dOlomite is porous to very porous. The 
Reed City anhydrite essentially lacks effective porosity. 

, -
. - - - -

Permeability. The Ree-d City'dolomite is permeable to very permeable. 
The Reed City anhydrite is essentially impermeab 1 e. 

Oil and Gas.Potential.'~-The:-~Reed City dolomite has produced signifi
cant quantities of oil and gas in the western patt of the Southern 
Peninsula. 

Dundee Limestone 
.. ~:~:-·· ~-;;.:-;"~~~;.;~-~-:~~:- . 

The Dundee of driBer•s\J~a-g~::.ha~'""'been subdivided into the Rogers City 
and Dundee Limestones (Ehliers~·t945;Cohee & Underwood, 1945; Ehlers, 
et al., 1959; Gardner, 1974). Because the two units are generally 
undivided by the oil industry they will be discussed here as a single 
unit, the Dundee limestone. ~- / 

- ..... -~- ,- ... ~~:: .-· t -_ 

The Dundee is a fossiliferous limestone that is locally dolomitized 
{figs. 2.36 and 2.37). It rang~s in thickness from about 150 feet in the 
western half of the Southern Peninsula to more than 350 feet in the east
central porti'on of the Michigan, Basin. It is locally highly dolomitized, 
especially over anticlfnes:in the ·central Michigan Basin. 

. . ~ ·:: ~-~~>~~\;i~~~~:t. --~-: ·:::: . . . 
Characteri sties as im-'Ag'uifer<"-~Jlhe Dundee limesto·ne is an aquifer 
i-n the northern portfon_of:the Southern Peninsula and in its outcrop 
planes and solutionally .. fmlar·ged joints. Because the water is 
present in 11 Selecti.ve~·~:~porou~ and permeable zones associated with 
fractures and bedding~~lanes~it is susceptible to pollution. In 
the central part of:the basin the Dundee contains brine and 
hydrocarbons. · ":-·- · 

·--
;:'•I;Y' __ -., :;_:--·:.<:-~'· 
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Cha-racteristics as a Confining Layer.· .'In the easter~·:~th}'fd of the 
Lower Peninsula, the Dundee i.s domiinantly limestone __ and_·:.very slowly 
permeabile. ln this area the only".limitati;onse·tcrits use·'''as a 
confining 1 ayer is ·the presence· of >=Jra.ctures~~tft£!,?;;;;,~;~6:::~,~'it~:~.:;:;:·:· ~;_ · 

·· . · · -. : ... •/A':: :>' '-:~::~~";~~,~;:;.<\7~:-: .:~!ft.~Jtifit~;~~}. ;:~ 
Characteristics as an InjecUon Formation~·-·-~rii"' a·reifs'·~wherE("the 
Dundee has been dolomiUzed. it could be and··;s"'u'sed·"as:'ar{'i:njection 

formation for chemica 1 s an;d~::~~i;~:~JiffH~:{ -.-_:D>-~;J~f~~t~~p~~-;~~~~~~5:_t. 
Porosity. In areas where the"Dtinde·e .. is 1 imesto'ne ,_·1.t::has-:;.ve·ry 1 ow 
effective porosity; however, in ·are·a·s· where .. the .. Dundee ha·s been 

dolomitized it is very po~ou~s::. :_;:~~~::J.t~··.:~·· .. _.''_!_·;;:1~1:~f;:~~;y:~,;:·:·:;}:~il·~-;C ::· 
Permeabi 1 ity. Where the Du ridee is J imes tone. it~. iS very s 1 owly 
permeab·l e but dol omi ti zed zones.· are'. highly p~rmE:!'able>)~:;;~: ... 

. - - - · - _--: -<~---~:-·-._.--- _ ·_ ._:_-~~-:-:·~;_~~(~--~.--:_-·t~~-.--_::l~r~-,~-i:;:~: -
Oil and Gas Potential. The Dundee· has been ·a··prolific ·on. and gas 
producer and 1s a pr1me targ~t for oil and ~as jn the. ~~ntral 

Tra ve:::h::::~ Bas i·n. ·:,:.; ..•• ,, ···~i;~~·,;····-_:··:i~;~};~i~~{'afi 
The Traverse is a thick (100 1 -800 1

) sequence of al_ternating shales and 
limestones in the northeastern two-thirds of the Southern Peninsula 
(figs. 2.38 to 2.40 ). _ln the 11 Thumb11 area shales comprise.rricire than 80 
percent of the Traverse Group. In contrast, shale make~- up less. than 
20 percent of the unit in southwestern Michfgan ... The Traverse ·has been 
subdivided in the Alpena and Traverse City areas and~-~ in general, each 
of .the alternating shales and limestone units has been _assigned a for
mation name. To the southwest, the shales thin and the disttnctive 
character of each 1 imestone unit becomes progressively more·. obscure 
until it is impossible to distinguish units within the Traverse Group. 
Even the Traverse-Dundee contact is difficult to discern.-:~.- ... \i..__ ......... . 

. . ;· ·/·~. :¥?"~ c--~-- ·. ..}~:;1~; 'i"/·r:·xr' ·::~:~.:;;~ .. 
The Traverse crops out and subcrops ·beh~ath the glacial drift_around the 
northern margin of the Southern Peninsula and in southeastern Mi·chigan. 
In the northern outcrop band, the presence of sha 1 e . .'or'' limes tone at the 
surface is an important controlling factor--in ·the-potenU~l 'of the 
Traverse as an aquifer. Where shales are at the stirface~ ~tin the area 
of Bell Shale (basal Traverse Group), bedrock is not generally' used as 
an aquifer. In contrast, outcrop bands of the 1 imestone units ..form 
bedrock aquifers. ~ : . \ .·;c_::----~--~~u~;, .. ,.· :-· ··.: ····· . v _;~-· __ ·, . __ ,._,:;:.~:~5/<Y::.··>: .. ~,G···:t>> --~ ·· ·: · · 

Characteristics as an Aquifer. The shales in-the-Trciverse Group 
are not aquifers. The limeston~ units are 11 kafst".aq~ifers, and 
may supply large volumes of water locally. The-'caverhous···nature of 
these units makes them extremely·vul Jierable--·to'·:e:·anfaminati on·.,: 

. . ·--~ ::_· ·_ ~-~--.:. _.:;.:. . _. .. -·. ~ -... '- :-~~\.t£-.f~~;:-~~:r.~~:.j~)fif~J;-~; ._:·-~- .. 
Characteristics as a Confi'ning L·~ye~/. ·The·:·s·h~'i'~~-?i-~''tii~--~t~·a~erse 
Group, especially the Bell Shale, are excellent confining layers. 
To the southwest, the shales thin_)nd a-re _less. ad¢ctuate -~-~r_riers to 
the movement of fluids~· The numero·us oil and gas.·_fields jn the . 
underlying l!>undee attest to the impermeable riatu~eof_t~e.Bell 
Shal'e. The limestone units.shouldnot be reg·arded'-~s·aq.uicludes, 
especially in and near the outcrop· areas~-·_ ,;:_·-:,r··_:;;:~~;;l~\.:}.'.;".;:}?,.;!:·: · 

· .' ;Ii~:6 ·-~~~~~0~ ;~!.~~~~t~i~1~·. 
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Characteristics as an InJection Formation. The Traverse 11 Lime
stone11 is productive of oil and gas in central and western parts of 
the Mkhigan Basin. The porous zones that produce hydrocarbons and 
bri.ne can be, and are used for i,njection of fluids, but hydrocarbon 
potential should be considered when siting Traverse disposal wells. 

Porosity. The shales in the Traverse Group generally have very low 
effective porosity. The limestohe units are generally relatively 
impermeable, but have local porous zones. The uppennost limestone 
unit in the Traverse, generally referred to as the .. Traverse 
Limes tone. 11 or i.n .some reports as the 11 Squaw Bay, 11 is porous 
over wide areas of the central and western Michigan Basin. 

Penneabil ity. The shales of the Traverse Group are generally 
impermeable, and the limestones are only locally so. The top few 
feet of the uppermost Traverse Limestone unit is generally permeable 
in the central and western parts of the basin. 

Oil and·Gas Potential. The Traverse Limestone unit produces oil, 
gas and brine throughout the central and western portions of the 
basin. 

Antrim Shale 

The Antrim Shale is a hard, dark gray to bl-ack or dark brown, pyritiferous 
shale that locally contains abundant si.lt. It ranges in thickness from 
120 feet to more than 600 feet (figs. 2.41 and 2.42). In southern Michigan, 
the basal member of the Antrim is a dark gray dolomite that correlates 
with the Blocher Member of the New Albany Shale i:n Indiana. In Michigan 
this member is referred to as the Traverse Formation. The Antrim Shale 
is part of the greater .. eastern black shale 11 that includes (1) the 
New Albany in Indiana; (2) the Ohio Shale in Ohio; and (3) the Chattanoga 
Shale in Kentucky. 

Characteristics as an Aquifer. The Antrim Shale is generally too 
impermeable to be an aquifer .. The low permeability coupled with 
the ,presence of abundant pyrite and marcasite generally restrict 
its use. 

Characteristics as a Confining Layer. The Antrim is an excellent 
confining layer. It forms the seal over most of the Traverse oil 
fields i-n Michigan. 

Characteristics as an Injection Formation. The Antrim is too 
i.mpermeable to be used as an i.njection formation.· 

II-80 



··" 

~.'·!·~·>·~.;~ 

Porosity. The effectiv,e permeability .of the Bedford Shale is very 
low. 

Permeabil'ity. The Bedford Shale has very low permeability. 

Oil and Gas Potential. None. 

Berea Sandstone 

The Betea Sandstone consists of a moderately fine-grained sandstone that 
grades upward and downward into shaly, dolomiti.c sandstone. The Berea 
is more than 100 feet thick on the east side of the Southern Peninsul.a 
and thins progressively to the west. In the central part of the basin, 
the Berea and Bedford- are difficult to distinguish and farther 
west, the Berea grades into the upper Ellsworth Shale. In the central 
part of the Michigan Basi·n the Berea is as much as 1800 feet below sea 
level (figs. 2.45 and 2.46). 

Characteristics as an Aquifer. In eastern Michigan, in and near its 
outcrop belt, the Berea has good aquifer characteristics. 

Characteristics as a Confining Layer. The Berea is too permeable 
to serve as a confining layer. 

Characteristics as an Injection FormaUon. In and near the outcrop, 
the Berea is an aquifer and should not be used as an injection 
formation. In theeast-central part of the state it is capable of 
receiving fluids, but produces hydrocarbons and is relatively 
shallow. 

Porosity. The middle portion of the Berea has good porosity, but 
the upper and lower parts of the unit are shaly and have a low effec
tive porosity. 

Permeability. The middle unit of the Berea is fairly permeable, 
but the upper and 1 ower zones have a much diminished permeability 
because of an increased shale content. 

Oil and Gas Potential. Several fi:elds in eastern Michigan 
produce oil and gas from the Berea; however it is not considered 
to be a prime exploration target. 

Sunbury Shale 

The Sunbury is a dark gray to black or brown, bituminous, pyritic shale, 
similar i·n many respects to the Antrim Shale. It ranges in thickness 
from 0 feet in parts of the western Southern Peninsula to as much as 
140 feet on the eastern side of the state (figs. 2.47 and 2.48). The 
formation thins from east to west and is the facies equivalent of the 
upper Ellsworth. The Sunbury reaches a maximum depth of about 1800 
below sea level in the center of the Michigan Basin. 
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. . . . :·. ~ .. Regional Water Resources 
REGION I:- SQUTHEAST M1ICHIGANI 

··-~ :·, .. 

The area designated a·s Region· I, Southeast Michigan, includes ten cmmties 
within two __ state planning and development regions {fig.3.Hl). Livingston, 
Macomb, Monroe, 0akland, St. Clair, Washtenaw, and W~yne Counties are 
members of the Southeast Michigan Counci 1 of Governments, centered i1n 
Detroit. ·The three remaining counUes, Genesee, Lapeer, and Shiawassee, 

- ·comprise the GLS Region 5 Planning and Devel~opment Commission, which has 
its offices in Flint. 

Popu 1 at ion· · _-_, ___ . .. 

I'n 1980 the· populaUon of Region I, Southeast M:i.chiqan, was 5,273,758, 
or 57 percent of Michigan•s total population (table 3.7). The region 
experienced .. ~ 0.4 percent decrease in population from 1970; and is the 
only region in Michi:gan to experience a population loss. The decrease 
represents an outflow of 23,275:people from the region since)970. Nine 
of the regi~on's 10 counties experienced population increases during this 
period, the greatest, 70.1 percent, occurring in Livingston County. 
Wayne Courity_e?<perienced the only decrease in the region but this decrease 
o.f12.5 percent was greater than the total population increase in the 
other nine counties. 

--:. 

Eight of the t_en most hi~ghly populated cities in Michigan are located 
in this region.- Detroit, the largest city in Michigan with a population 
of 1,203,399, accounts for 22.8 percent of the regional population and_ 
13.0 of the ~tate population. The four most populous counties in Michigan 
are also located in this region, and include Wayne, Oakland, Macomb, 
and Genesee ~ounties. Wayne and Oakland Counties far exceed all other 
counties i.n· popu1~tion with 2,337,240'and 1,011,793 inhabitants respectively. 
The two cou~ties combined contained 36.1 percent of the total population 
in Mi:chigan, ··25.2 percent of 10.9 percent respecUvely . 

. --,---" ...... • '_:'-:: 

Industry and Agriculture 
-~:.:.t::~~~ 

The retail_'_a~d-·wholesalle trade values for Southeast Michi,gan are highest 
tn Wayne and-Oakland Counties. Detroit, in Wayne County, is the oldest 
city in the ·Midwest and a major international lake port. The DetroH 

. Metropolitarl'"area-·i-ndustries produce 80 percent of all cars made in the 
:: U.S. Approximately 46 percent of earnings i:n Wayne County are from 

manufactur_ing i.ndustries, 36 percent in Oakland County. 
_, - .. 

: ~~;: .. ~r~~~----:~:-Q~~:~:.- ~ 

-_The automobjl_e industry is the major source of employment in Macomb 
County. Manu:tactur_ing industries employ 54.5 percent of the county 

- population:- Sim,iladly, Genesee County's industry is primarily auto
motive with ?O·percent of the manufacturi:ng jobs, or approximately 50 
percent of the county's population, employed by the automobile industry. 
Also, mariy people commute from counties such as Shiawassee County which 

· has 43.5 percent of its employed population engaged in manufacturing. 
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TABLE 3.10 - POPULATION OF COUNTIES AND MAJOR MUNICIPALITIES IN REGION 1 
SOUTI:IEAST MICHIGAN {l9]0-:.l,98_Ql_:_;;_r{£fi'<:T~J?VitlikiE'in:;:·-" ' 
(Source: U.S. Bureau of the .Census, 1980 Ceri.sli"sor· 
Population and Housing, Ad"viiiiCe~Report", PHCSO-V--24) · · 

. --~, .:>=J~Eyf~'~i~~~:~7::::~;~~~~~,:~. ·_ 
Municipality 

REGION TOTAL 

Genesee County 

Flint* 
Burton 
Fenton 
Flushing 
Davison 
Grand Blanc 
Swartz Creek 
~lount Morris 
Clio 
Montrose 
Linden 
Goodrich 
Otisville 

lapeer County 

lapeer* 
Imlay City 
Almont 
Col umbi avill e 
North Branch 
Dryden 
Otter lake 
Clifford 
Metamora 

5,297,033 

Genesee County . •. · _,: :,; ... : ;. ~- · 
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Municipality 

Oakland County 

Royal Oak 
Pontiac* 
Southfield 
Farmington Hills 
Troy 
Madison Heights 
Oak Park 
Ferndale 
Birmingham 
Hazel Park 
Berkley 
Clawson 
Beverly Hi 11 s 
Farmington 
Novi 
Huntington Woods 
Rochester 
Milford 
Lathrup Village 
Holly 
Wolverine Lake 
Pleasant Ridge 
Walled Lake 
Bloomfield Hills 
Fr:anklin 
Keego Harbor 
Lake Orion 
South Lyon 
Oxford 

St. Clair County 

Port Huron* 
Marysville 
St. Clair 
Marine City 
Algonac 
Yale 
Capac 

1970 

Oakland County 

907,871 

86,238 
85,27g 
69,285 
50,047 
39,419 
38,599 
36,762 
30,850 
26,170 
23,784 
21,87g 
17,617 
13,598 
10,329 
9,668 
8,536 
7,054 
4,699 
4,676 
4,355 
4,301 
3,98g 
3,759 
3,672 
3,311 
3,092 
2,921 
2,675 
2,536 

1980 

1,011 ,793 

70,893 
76,715 
75,568 
58,056 
67,102 
35,375 
31,537 
26,227 
21,689 
20,914 
18,637 
15,103 
11,598 
11,022 
22,525 
6,937 
7,203 
5,041 
4,639 
4,874 
4,968 
3,217 
4,748 
3,985 
2,864 
3,083 
2,907 
5,214 
2,746 

St. Clair County 

120,175 

35,794 
5,610 
4,770 
4,567 
3,684 
1,505 
1,279 

111-44 

138,802 

33,981 
7,345 
4,780 
4,414 
4,412 
1,814 
1,377 

Percent Change 
{1970 to 1980) 

11.4 

-17.8 
-10.0 

9.1 
16.0 
70.2 

- 8.4 
-14.2 
-15.0 
-17 .I 
-12.1 
-14.8 
-14.3 
-14.7 

6.7 
133.0 
-18.7 

2.1 
7.3 

- 0.8 
11.9 
15.5 

-19.4 
26.3 
8.5 

-13.5 
- 0.3 
- 0.5 
94.9 
8.3 

15.5 

- 5.1 
30.9 
0.2 

- 3.4 
19.8 
20.5 
7.7 
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@ther sources·. ot "i nc'ame ·are services and reta i 1 i1ndustries, each of which 
emp 1 oys about 1'5-22 :percent of . the work i;ng force in mast counties. 
Oakland County has many 1 a·kes intensely used year-round for recreation 
which con.tribu:tes .. ~o_'the high percentage of people empl,oyed i'n services 
and retail irndtistdies~ 23.5 percent and 23.0 percent respectively. 
Approximately."_3.8p'ercent {197,700 acres) of the land in Southeast 
Michigan is. identified. as Public Recreation lands, including 156,078 
acres owned .by_J.ocal._governments. · 

. . ~ J~,.;jiJ.17i::tf!;:ss:~. · . ·· ··-·· -··-·· -· · ... _ 
As of 1979,·~:a-;hprd_xi.m~.te~y 85 percent of _aJ.l petroleum produced in South
east Mkhigan was.Jrom wells in St. Clair County. Livi;ngston County had 
the hi·ghesr··.-r~eJ.~tJY!t employment by th~ mining industry, 0. 9 percent of 
the County ··:popul~tiorf.·· 'Government ... is also a major empl,oyer with centers 
in Washtenaw Co.iuitfproviding 27.8 percent of the income of employed 
county residents~.and.Lapeer County providing 34.5 percent. 

. _· -~- ~:!"':{_.,~~~-t~--~:- ·.·. { 

Land used for:'-agrfcultural purposes in Southeast Michigan comprises 
1,830,075 acres,-about 44 percent of the total area of the region, 
4,145,280 acr:-es··~-;;Jarm industry accounts for 7.9 percent of the total 
county income',i~'lapeer County, the highest in the region. Washtenaw, 
Shiawassee and Monroe Counties contain 42 percent of the agricultural 
land in the regi~'n,~:-with nearly two-thirds in Shiawassee and Monroe. 

·_- ~. f:~- ..... -. 

Population &nd Water:- Well Di stributi'on 
- -,-_. \j_.·- .· - ....... _______ ·:--- · rr ~--··· ··- ~. 

Within. Region I,' the majority of the areas of greatest water-well 
density are associated with the cities of Flint, Pontiac, and the north
west suburbs. of. ·oetroit (pl. 20}. These areas include large portions 
of Genesee and.Qakland Counties, and southeastern Livingston County. 
Region I ranks first in the state with respect to the number of water wells 
per county, and J,ncludes five of the.leading six counties: . Oakland, 
Genesee, Livingston, Monroe, and Washtenaw. The region has an estimated 
61,104 water wells, 28.1 percent of the state total. Oakland County 
has more water,wells than any other county in Michigan with 16,942 
wells, 7.8 percent of the state total. The township with the greatest 
well density i:n,Region I, and in the State of Michigan is Grand Blanc 
Towns·hi-p of Ge.nesee County with a total o.f 2141 wells and an average of 
over 59 wells per square mile. The area of lowest well density is the 
Detroit Metro area, including most of Wayne County and sections of Oa·kland 
and -Macomb Counti:es, where the average density of wells is less than 
eight wells per township. 

Region I ranks,fh·st among the regions of Michigan in total population 
with 5,273,758 people~ or 57.0 percent of the total state population 
{pl. 2). · The region includes the four most populous counties in the state: 
Wayne, Oakland, Macomb, and Genesee .. Wayne and Oakland Counties far 
exceed all"other.counties in population with 2,377,240 and 1,011,793 
residents respectively. The two counties combined comprise 36.1 percent 
of the total_.stati population, 25~2 percent and 10.9 percent respectively. 
With the exception __ .of Wayne County which receives the majority of its 
water from surface ·supplies, the number of water wells correlates 
closely with_population. 
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. The pregi'ac:'i,·af::t"o(>agraphy of Southeast Michigan has strongly influenced 
the presen(~::topography (pl. 13). Prior to g~.aciati!on1, the landscape 
comprised pa:rt:.·of,two physiographic regions·, the Thumb Upland in the 
northwest ari(}he.·Erie-Huron Lowland i·n the southeast. The Upper 
Devonian Be:f.ea·:·sandstone forms .the approximate boundary between the two 
regions:{pt.?t~l~- .,:.The 1humb ~p~and is underlain by formations 
.younge~·:thaij_~:·the Berea, primarily the Coldwater Shale and Marshall 
Sands_tone~··anCI .. the Eri·e-Huron Lowland is· developed on formati·ons older 
than the _BE!re~l (Mozola, 1953). Glacial deposition has preserved, or 
even exagger:~~ed· the upland/lowland relationship. Thus Southeast 
Michigan has:.lwo distinct topographies, a nea·rly featureless plain in 
the southeast', and an elevated, hilly area in the northwest with plains 
also_pr~sent_tn the extreme northwestern portion of the region. 

~-j,:;~~:_~-~: ~- ~~-:;~?1:·~ .. ~~ ;~~~~- '_ 
The· southeastern and northern plains formerly constituted the beds of a 
successior{~qf':preglacial lakes formed when g·lacial ice occupied the basins 
of the.moderri~Great Lakes. The level of the highest beach line is about 
850 feet above· mean sea level {MSL) near Imlay City in Lapeer County, 
decreasing tri-about 800 feet at the Michigan-Ohio border. All of the area 

. lying below· these elevations consists of lake-bed plains, which slope 
gently_southeastward and comprise the land surface of Monroe County, 
nearly all of Wayne, Macomb, and St. Clair Counties, southeastern Oakland 
County~ northern Shiawassee, and northwestern Genesee Counties. The 
flatness' ofthese_.plains is interrupted only by major drainage channels, 
faint ridges·'marking the beaches of former glacial lakes, and subdued, 
water-laid mriraines. 

-::; __ :-)··,.·-~-:..- ~~~;~:~&-;>~-- > 
In contrast.to"' the nearby flat topography of the lake plains, the topo
graphy of th(_northwestern part of the region consists of belts of 
morainal hills· and pitted outwash plains. In Genesee and Shiawassee 
Countie·s' the.'moraines are superimposed, increasing the local re~ief. 
The topo'graphy in this area has greater relief and· is characterized by 
knob~, knoll~ arid pitted outwash plains. 

- -.: -~- :,~.-t_·: --_ · ~~ -~:·r~~;t . ~; : . 
The gerieral~~t~vation of the moraines increases to the northeast, reach
ing i·~a~imu~_~f 1221 feet {MSL) at Pine Knob in Independence Township, 
Oakland ~ourify.; .Several morainic knolls in Oakland, Livingston, Macomb 
and Washtenaw ·counties stand at elevati-ons of more than 1100 feet. Those 

· counties·:·which'. span both lake-bed plains and morainal regions exhi,bit the 
greate.~f"reiief with Oakland County having a maximum relief of 630 feet 
and Macomb ·co.unty 578 feet of rel i·ef. In contrast, Monroe County 1 ies 

~, enti·rely_;·within .the lake plain and has on,ly about 160 feet of relief. The 
regionaL·.~_lo~~:of)he land surface in Sout~east Michi-gan is so~theast 
and northwes:t,: away from the e·levated mora1nal trend. Lake Ene, 
with 'an')~ver~--g·~,.·s·urface elevation of 568.6 feet represents the lowest 
point rn· the~_area~ ··Thus, maximum relief in Southeast Michigan is 
about· 650 fee.t'; · ·' , · 

·!'~~y~~~i{,\,•; ,· 
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HYDROGEOLOGY 

Glaci.al movement has played a prominent role i1n shapi~ng the present 
landscape of Michigan and developing its most importa·nt aquifer system. 
During the P~etstocene Epoch, four major glactal advances probably 
crossed the state, but only the last, the Wisconsinan, left positively 
identified signifkant deposits (See Section II, Glacial Geol1ogy). 
The nature of these glacial deposits as related to aquifer systems is 
briefly summarized below. 

Moraines 

Moraines are ri·dges composed of glacial till material, a heterogeneous 
mixture of clay, sand, and bounders in various proportions. Most moraines 
originate at the stabilized front of an active glacier where large 
quantities of rock debris melt out of the ice and are deposited in 
ridges parallel to the ice front. The proportions of clay in the 
morain~l sediments determines the aquifer characteristics. 

Till Plains 
I 

Till plains are usually developed between end moraines. These gently 1 
rolling areas are underlain by till, referred to as ground moraine. , 
The unsorted nature of glacial till results in low permeability and l 
moderate porosity. These deposits are therefore generally incapable i 
of yielding large volumes of water except when from local interbedded · 
sand lenses, which may provide an adequate water supply to meet domestic needs. 

La·ke Pl a i:ns 

Lake beds {lacustrine) are deposits of ancestral lakes. They are 
typically composed of clay and silt and may be several tens of feet 
thi·ck with low relief. Lacustrine sediments have low permeability and 

. porosity and do not yield large quantities of water. Lake beds may . 
locally contain sands, and are capable of meeting local water needs. 

Outwash Plains 

Outwash plains are formed from sediment deposited from glacial melt
waters. Outwash deposits are generally composed of well-sorted sands 
and gravels, and have high porosity and permeability. The coarsest 
sediments are generally deposited near the ice front with finer sands 
and silts deposited further from the ice front. The deposits generally 
constitute excellent aquifers. 
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Hydraulic Characteristics 

Information on tl:te hydrogeology of regions was acquired principally 
from engineering reports, well records, regional and county ground-
water studies, and miscella·neous reports and personal communicaHons with 
the Michi,gan Geological Survey and the United States Geological Survey. 
Aquifer characteristics most connnonly available were well capacity, 
specific capacity, transmissivity and coefficient of storage. 

These four hydraulic characteristics reflect the performance of the 
aquifer for each location and well. Well ca·pacity, which is a measure 
of the well yield in gallons per minute (gpm), is the-most commonly 
reported hydraulic characteristic. The greater the well c~pacity, 
the greater the production potential of the aquifer. 

The specific capacity of a well is the well capacity, or yield, per 
unit of drawdown~ usually expressed as gallons per minute per foot of 
drawdown ( gpm/ft). 1he specific capacity reflects the aquifer • s 
ability to recharge the well and normally the higher the specific 
capacity, the smaller the drawdown. Conversely, a low specific 
capacity is typi:cally related to a larger drawdown. Specific capacities 
greater than 100 gpm/ft represent good aquifers for irrigation and 
muni.cipal systems. Specific capacities of 0.1 to 1.0 represent fair to 
good aquifers for domestic purposes. 

Transmissivity is defined as the rate of flow of water at the prevailing 
temperature through a vertical strip of aquifer one unit wide, extending 
the full saturated thickness of the aquifer, under a unit hydraulic 
gradient. Transmissivity ·data are presented in gallons per day per 
foot (gpd/ft). Trans~issivities greater than 100,000 gpd/ft represent 
good aquifers for irrigation and municipal systems. Transmissivities 
of 1000 gpd/ft are adequate for domestic supplies. 

The coefficient of storage, nr storativity, of an aquifer is defined 
as the volume of water which an aquifer releases from~ or takes into, 
storage per unit surface area of aquifer per unit declilne or rise of 
head. Storativity is dimensionless, and for unconfined aquifers, 
normally ranges from 0.02 to 0.30. Storativity for confined aquifers 
normally ranges from 5.010-3 (0.005) to 5.0-5 (0.00005). 
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Hydraulic Cha-racteristics Of Glacial Drift Aquifers 

Data on the hydraulic characteristics of 1265 glacial drift wells were 
available from 152 locations within Region 1, (table 3.12). Oakland 
County had information for the most locations (37) and Washtenaw County 
had information for the greatest number of wells (773). Monroe County 
had information on the fewest glacial drift wells (4). Well depths 
in the region ranged from 24 feet in Lapeer County to 335 feet in Wash
tenaw County. 

Nine values (4 percent) for well capacity were available for naturally 
.. flowing wells. Well capacity for flowing wells ranged from 3 gpm in 

Washtenaw County to 75 gpm in Monroe County. The well capacity of 
non-flowing we 11 s ranged from 1 gpm in St. Cl a i.r County to 5000 gpm in 
Monroe County. For additiona·l information see Table 3.12. 

Specific capacity values for Region I ranged from 0.01 gpm/ft in St. Clair 
County to 600 gpm/ft i~n Washtenaw County. Genesee County was the only 
county that lacked specific capacity data. 

Transmissivity values for the region ranged from 6450 gpd/ft to 500,000 
gpd/ft in Oakland County. The coefficient of storage ranged from 3.4xl0-7 

(0.00000034) in Livingston County to 3.04 in Oakland County • 

. ,·:· Water Quality In The Glacial Drift Aquifer 
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Water quality data for the glacial drift aquifer was available from the 
Michigan Department of Public Health for all the counties in Region 1 
except Monroe and Wayne. The region included 96 reporting Community 
Public Water Supply Systems in 8 counties for which 363 water samples 
were analyzed from 189 wells in the glacial drift aquifer. Oakland 
County had the most abundant water quality data with 193 water samples 
analyzed from 104 wells in 58 water systems. Lapeer County had data for 
only 3 water samples from 3 wells in l water system. Table 3.13 presents 
data on 7 water quality parameters included in the EPA Interim Primary 
Drinking Water Standards. Range and mean were calculated for each para
meter and standard deviation was calculated for counties with 30 or 
more water samples. 

The parameters nitrate, fluoride, chloride, iron, and sulfate are shown 
on Plate 23, Quality of Water from Community Public Wells. These data 
represent Community Public Supply Systems only. Plate 25 shows total 
dissolved solids and specific conductance for Community Public Supply 
Systems and private wells. 

None of the samples analyzed from Region 1 contained nitrate in excess 
of the primary maximum contaminant lev~l (primary MCL). Only one water 
sample (< 1 percent} contained fluoride in excess of the primary MCL. 
The mean fluoride concentration for Region 1 was 0.47 mg/1, ranging 
from 0.0 mg/1 to 2.60 mg/1. Fourteen water samples (4 percent) from 
5 counties contained chloride in excess of the secondary maximum con
taminant level (secondary MCL). The mean chloride concentration for 
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TABLE 3.12 - HYDRAULIC CHARACTERISTICS OF THE GLACIAL DRIFT AQUIFER SYSTEM, REGION 1 (SOUTHEAST MICHIGAN). 
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Region 1 was 50 mg/1, ranging from 0 mg/1 to 61-5 mg/1.~ Three h~ndred 
twenty-two water samples {89 percent) from all 8 count1es conta1ned 
iron i:n excess of the secondary MCL. The mean iron concentration for 
Region 1 was 1.61 mg/1, ranging from 0.0 mg/1 t~ 8.00 mg~l. Five 
water samples (1 percent) from 2 of the 8 count1'es conta1ned sulfate 
i•n excess of the seconda·ry MCL. The mean sulfate concentration for 
Region 1 was 50 mg/1, rangiing from 0 mg/1 to 295 mg/1. Sixty-seven 
water samples (18 percent) from 7 of the 8 counties contained total 
dissolved solids in excess of the secondary MCL. The mean of total 
dissolved solids was 401 mg/1, ranging from 240 mg/1 to 161g mg/1. 
In fifty-two water samples (14 percent) from 7 of the 8 counties 
specific conductance 1 evel s exceeded the seconda·ry MCL. The mean 
specific conductance was 712 umhos/cm, ranging from 405 umhos/cm to 
2650 umhos/cm. 

Hydraulic Characteristics Of Bedrock Aquifers 

Data on the hydraulic characteristics of-248 bedrock wells were avail
able from 114 locations within Region 1 {table3.14). t~ississippian 
aquifers served most of the locations (66) and supplied the greatest 
number of bedrock wells (128). Of the eleven bedrock aquifers within 
the region, the Mississippian Marshall Sandstone served the most loca
tions (25) and supplied the greatest number of wells {40). The Devonian 
Dundee Limestone served the fewest locations {4) and supplied the least 
number of wells (5). Well depths in the region ranged from 28 feet 
in Wayne County to 502 feet in Livingston County. 

Eight well capacity values (3 percent) were available for naturally 
flowing wells and ranged from 1 gpm for the Marshall Sandstone in 
Lapeer County to 200 gpm for the Marshall in Wayne County. Well 
capacities for the Pennsylvanian Saginaw Formation ranged from 50 gpm 
to 610 gpm. The .Missi:ssippi,an Marshall Sandsta.ne ranged from 4 gpm 
to 505 gpm and the Missi~sippian Coldwater Shale from 10 gpm to 170 gpm. 
The Mississippian Berea Sandstone ranged from 2 gpm to 768 gpm, the 
maximum range within the Mississippian aquifer system. The four 
Devonian aquifers ranged in well capacity from 2 gpm to 900 gpm; the 
highest obtained froJll the Devonian Detroit River Group in Monroe County. 
Well capacities for Silurian aquifers ranged from 5 gpm to 550 gpm. 

Specific capacities for Region 1 ranged from 0.03 gpm/ft for the 
Berea Sandstone and the undifferentiated Devonian in Washtenaw County 
to 20 gpm/ft for the Saginaw Formation· in Livingston County. 

Transmissivities were available only for the Saginaw Formation and 
Marshall Sandstone, and ranged from 2500 gpd/ft for the Sagi;naw in Genesee 
County to 158,100 gpd/ft for the Marshall in Oakland County. Coeffi
cients of storage were available only for the Saginaw Formation and 
ranged from 3. Ox 1 0-5 

( 0. 00003) to 1 • 3x 10-4 
( 0. 00013) in Genesee County. 
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_TABLE 3.14- HYDRAULIC CHARACTERISTICS OF THE BEDROCK AOUIFER SYSTEMS, REGION 1 (SOUTHEAST MICHIGAN). 
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